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Abstract
In this. report we describe the results of a continuous flow elec_rophoresis (CFE) experiment done on STS-65 in uhich x_e tested the idea that intracellular growth hormone IGH) particles contained in a cell lvsate prepared from cultured rat anterior pituitary, cells in microgravity might haxe different electrophoretic mobilities from those in a synchronous ground control cell lysate. Collectively. the resuhs suggested that CFE processing in microgravity was better than on earth: more sample could be processed time 16 × ) and more variant forms of GH molecules could be resolved as x_ell. We had also hoped to car_" out a pituitary ceil CFE experiment, but failure of the harduare required that the actual cell electrophoresis trials be done on earth shortly after Shuttle landing. Data from these experiments showed that space-flown cells possessed a higher electrophoretic mobility than ground control cells, thereby offering evidence for the idea that exposure of cultured cells to microgravity can change their net surface charge-density especially when the cells are fed. Collectively, the results from this pituitary cell experiment document the advantage of using coupled cell culture and CFE techniques in the microgravity environment. ( Barrolier et al., 1958; Hannig, 1961) , it is only quite recently that there has been renewed interest in this technolo_' (Roman and Brown, 1994; Dalens et al., 1995) . As pointed out by. Roman (Hymer et al., 1996a) .
Cells in these two CCKs were not fed prior to preparation of the cell lysate on mission day 9. As shown in Fig. 1, the July 1994 experiment; the remainder were processed by CFE at Penn State later. The procedures which were follmved in the cell electrophoresis stud)' are outlined in Fig. 2 . After Shuttle landing, cells were removed from CCK 1 (fed 4 x in microgravity) and from CCK 3 (not fed during the 14 days in microgravity) (Hymer et al., 1996a) using our routine trs'psinization procedures (Hymer and Hatfield, 1983) . Cell viabilities at this point averaged 93 and 90% for CCK 3 and CCK I, respectively. Sufficient cells were obtained after CFE processing of the cells from CCK 1 to do a 6 day culture with the separated cells; this was not possible for those from CCK 3 because cell numbers were insufficient.
!. Cell/)'sis
On mission day 9, cell culture medium was removed and the cells in the CCK uere washed briefly( _ 1.5 min) with 15 ml distilled water; this step diluted any residual serum containing medium that had been left behind which would, in turn. discourage cell lysis. Cell lysis was accomplished using H:0 containing 0.2 mM ZnCI, and soybean t_'psin inhibitor (1 #g mi-t). The ZnCI: was included to maintain the integrity of nuclei and hormone-containing secretory granules (Hymer and Kuff, 1964; Farrington and Hymer, 1990) . Lysis, monitored microscopically, was complete after -,-10 rain. This diluted lysate was then concentrated to -,. 3 ml by (1) drawing the lysate out of the CCK into a syringe containing 20 mg DNAse (Type I), solubilized, and then rein jetted back into the CCK, and (2) then drawn from the CCK into a concentrating device containing I ml of 10 x electrophoresis buffer and consisted of a Spectra pore 7 dialysis membrane Table I ) made for ',his experiment by _'.litsubishi Heav._ lndu_qrie_, Ltd. This de, ice malfunctioned after proce.,.-.ing of cells from both flight CCKs: according].',', an ;Js3chronous ground control experiment was done la_er using another CFE de_ ice (identified as device 1 in Table 1 ).
(10000 MW) surrounded by polyethylene glycol 60 (60 000 MW).
CFE
The carrier buffer consisted of 5 mM HEPES. Hymer, 1990) . "Either GH or total cells.
Results
The ultrastructure of a rat pituitary cell lysate as well as enzvmatically dispersed rat pituitary, cells after a 9 day culture is shown in Fig. 3 .
These micrographs represent the type of samples that were used in this microgravity continuous flow electrophoresis (CFE) experiment.
profile of GH particles contained in a freshly prepared lysate from an 8-day pituitar.v cell culture shows a dominant anodal GH peak: a small cathodal GH peak and immunopositive material which did not migrate in the field (Fig. 4) . This pattern is similar to others using freshly prepared rat anterior pituitary homogenates (Hayes et al., 1990) .
Lrsate processing
Results of previous studies from our laboratory have shown that 80-90% of the GH contained in rat pituitary gland homogenates is sedimentable by centrifugation (>40000 x g), a result which shows that most of the intracellular GH is stored in particle form (Hymer and McShan, 1963; Hayes et al.. 1990 ). Accordingly we did not attempt to separate free from bound GH that was contained in each CFE fraction.
A typical CFE distribution A concentrated pituitary cell lysate ,,,,'as prepared in space from unfed cells on mission day 9
following the procedure described. CFE processing of this lysate was done according to the experimental design shown in Fig. 1 . The concentration of GH in the flight lysate _as ,-, 20°/o greater than that in the synchronous ground control preparation (see Fig. 5A . Fig. 5B ), a result which is entirely consistent with the finding that there were greater amounts of GH released into the 9-day culture medium prior to lysate prepara- Fig. 1 , some of the initial sample from A and B was frozen and later electrophoresed (C) (see Table I ).
button profiles of GH were essentially identical ( Fig. 5C ).
In order to determine if there were any differ- aprotinin. 6.5 x 10-_: (7) vasopressin, 1 x 10 -_.
the intracellular lysate (fractions 25-37: Fig. 5A) was similar to those proteins contained in the culture medium ( Fig. 9 ; Hymer etal., 1996a) in that a large protein peak eluted from the column 2 min before the salt gradient began, followed by a series of major protein peaks eluting between 15 and 20 rain. Minor differences in the OD 280 patterns in these regions indicated that some protein separation was occurring during CFE processing in microgravity (not shown).
Cell processi/rg (Earth)
The electrophoretic mobility profiles of unfed primary rat anterior pituitary cells that had been in culture for 8 days are shown in Fig. 8 However. it seems clear from these preflight trials that a majority of the cultured cells exhibit anodal mobility under these conditions of electrophoresis (Fig. 8. bottom panel) , a pattern similar to those seen in previous studies (Hymer et al.. 1987) .
Cell processing (micrograrit)')
Due to the technical problems with the flight electrophoresis hardware (Kobayashi et al.. 1996) . it was not possible to carry, out the cell electrophoresis trial as planned and the single microgravity CFE trial that was done (as planned) used pituitary cell lysate (Fig. 5) . This made two cell culture kits available after Shuttle landing; we therefore tested the effect of microgravity exposure on the electrophoretic mobility of cells that had been in the culture for 17 days. In one case (CCK 1) the cells had been fed four times, in the other (CCK 3) the cells were kept in their original seeding medium. A detailed morphological description of the cells in these two CCKs is Wen in the companion report (Hymer et al., 1996a) . The mobility profiles of cells trypsinized from these two CCKs and electrophoresed within 8 h of Shuttle landing showed that fed cells had greater anodal mobility than unfed cells (compare Fig.   9A and Fig. 9E ). This was not true when asynchronous ground control cells, cultured for 17 days, were electrophoresed ( Fig. 9C vs. Fig. 9G ).
Cells from flight and ground CCK 1, after CFE, were cultured for 6 days to determine if the separated cells released GH and if the CFE process enriched GH-producing cells. The data in Fig. 9B and Fig. 9D establish (1) that micrograv-ity-exposed fed cells released -,-5 x more hormone postflight than corresponding ground controls (reason unknown),
(2) that hormone-producing cells exposed to space showed greater bandspread than the corresponding ground contro]s and (3) result that was generally similar to the ground sample ( Fig. 9F vs. Fig. 9H ). It is important to indicate that the average electrophoretic mobility distribution profiles of unfed cells in the preflight trials (Fig. 8, bottom panel) and those from unfed flight cells (Fig. 9E ) are similar. These profiles add support to the concept that there may be specific microgravity-feeding interactions which affect cell electrophoretic mobility.
Discussion
The 47 (1996) aged 29% although there was considerable variability. This average compares favorably with that reported for a previous space CFE experiment using rat pituitary cells (20% Hymer et al., 1987) . The low recovery from the flight lysate trial may be due to the fact that only one-half of the fractions were collected and many had low volumes.
Even though all of the original objectives of this experiment could not be met, new results were obtained. For example, evidence for a CFE processing advantage in microgravity is indicated by (1) increased throughput (the flight sample was 5.6 x more concentrated than the ground); (2) greater bandspread of GH containing particles in the lysate sample ( Fig. 5) and (3) better discrimination of some GH variants within different CFE fractions (Fig. 6 ). Since this same microgravity W.C. H) 'mcr t't al. Journal of Biot_'chnoh; gj" 47 (1996) 35.?-365 363 sample did not show a mobility difference _hen it was processed at earth gravity (Fig. 5 ), we conclude that microgravity exposure has little effect on the net surface charge of intracellular GH-containing particles contained in lysates. The idea that microgravity may effect net cell surface charge density, depending upon the cell culture conditions (Fig. 9 ), is to our knowledge entirely new. We are aware that the collection and interpretation of electrophoretic data is a nontrivial exercise. Our companion report sho_ved that the frequency of cell feeding in low gravity affected the cell morphology as well as the quantity and quality of certain hormones (Hymer etal., 1996a) . We speculate that the greater mobility of the fed cells may reflect more hormone on their surfaces resulting, from increased local concentration gradi- (Hymer et al., 1992) . However, most proteins, glycoproteins, and lipoproteins at the cell surface will lack sufficient net charge densities to produce electrophoretic mobilities in excess of 3.5 x 10 -_ cm-" V -_ s-'.
Only nucleic acids have the intrinsic capability to produce the very high cell electrophoretic mobilities of the fed, microgravity-exposed cells (Fig. 9) only after collection were the)' exposed to buffers that were more physiologically compatible.
Obviously' the cell processing environment in our most recent IML-2 experiment was much more physiologically favorable. i.e. cells were maintained in a serum-bicarbonate containing Hepes buffered medium (Hymer et al., 1996a) for their entire microgravity exposure before CFE processing and culture at KSC. The data in Fig. 9 not only establish that high mobility GH producing cells were recovered from flight (but not ground) CCK 1, but also that a micro- 
